Antipyrine space (APS) studies in 44 normally grown (NG) neonates revealed estimates of total body water (TBW) comparable to those found by earlier investigators utilizing desiccation analyses. Body water per kilogram of body weight was higher in the 32 premature infants than in the 12 mature neonates, even after correction for presumed changes in body fat during growth (mean APS/lean mass was 846 ml/kg in premature and 782 ml/kg in mature infants, P < 0.01), suggesting less hydra tion of lean mass with maturity. Cell water (ICW) estimates, obtained by concurrent bromide and antipyrine dilution studies revealed no differences between mature and premature neonates after fat corrections (mean ICW/lean mass was 391 ml/kg in premature and 368 ml/kg in mature neonates, P > 0.10). Prompt decrease in cell water was evident in the mature NG infants (correlation coefficient for ICW /APS versus study age: r = -0.76; ICW versus study age: r = -0.58), whereas such changes were absent in the premature infants (ICW/APS versus study age: r = -0.08; ICW versus study age: r = -0.16).
Introduction
Low birth weight may result from either premature birth or impaired fetal growth. Clinical consequences in these small babies, including perinatal morbidity and mortality as well as ultimate physical and intellectual achievement, appear intimately related to the causative factors [14, 28] . Both groups of infants demonstrate changes in body composition reflecting either interrupted or disturbed developmental sequences when compared with mature, normally grown (NG) neonates. Previous studies from this laboratory have recorded the similarity of alterations in 10-min albumin space ("plasma volume") [8] and 3-hr bromide space ("extracellular volume") [9] in fetal growth-retarded neonates to those changes observed in postnatal protein-calorie malnutrition [10, 19, 20] . The present report presents observations concerning concurrent measurements of antipyrine and bromide spaces in 67 neonates delivered vaginally and studied within 24 hr of birth.
Materials and Methods
Umbilical venous catheterization and injection of a sterile solution containing 2% NaBr and 0.5% antipyrine (l-phenyl-2,3-dimethylpyrazolone-5-one) were done in all study infants [9, 46] . Quantity of bromide injected averaged 65 mg/kg (range, 37-93 mg/kg); concentrations of plasma bromide ranged from 9 to 21 mg/100 ml (mean, 14.3 mg/100 ml). Quantity of antipyrine injected averaged 10 mg/kg (range, 6-13 mg/ kg); concentrations of plasma antipyrine ranged from 0^75 to 1.72 mg/100 ml (mean, 1.31 mg/100 ml).
The corrected bromide space (CBS) was estimated in precisely the same manner as previously described [9] . Levels of plasma antipyrine were estimated in duplicate on 1-, 3-, and 5-hr postinjection samples using the micromethod of Mendelsohn and Levin [3, 32] ; average coefficient of variation was 2.2%. Antipyrine space (APS) was estimated from zero-time dilution as extrapolated from these concentrations using the leastsquares method for estimating best fit of these points to the y = a + bx equation [13] . Slopes of these regression lines ranged from + 0.04 to -0.10 (average, -0.021). The formula used was:
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Cell water was estimated as the difference between APS and CBS (ICW = APS -CBS). Because of our inability to express in vivo data on a "fat-free lean mass" basis and in order to minimize the effects of altered body fat on these results, ICW/APS ratios were calculated as additional estimates of cell water. Environmental conditions during these studies and methods used in classification of infants as normally grown, moderately growth-retarded or severely growthretarded have previously been described in detail [8] [9] [10] . As in previous studies, the cord was generally clamped after the first breath; therefore, study infants received a placental transfusion.
Intravenous fluid therapy was required by clinical circumstances in 21 study infants (all of them NG neonates). Parenteral fluid was required more commonly in premature (20 of 32) than in mature infants (1 of 12). An average of 55 ml isosmolar fluid (range, 8-195 ml) was provided for these infants. Eleven study infants (three NG, eight IGR) were fed a total of 0.5-2 oz 5% dextrose prior to and/or during the study.
Results

Clinical Characteristics
Race, sex, birth weights, gestational intervals, and physical characteristics of the 67 study infants are summarized in Table I . The birth weights of 44 normally grown (NG) neonates were appropriate for their gestational age [10] . Thirty-two of these NG infants were premature: average gestational age was 31 weeks and mean birth weight was 1675 g. Intrauterine growth retardation (IGR) was present in 23 infants, all of whom were mature with birth weights of less than 2500 g.
Normally Grown Neonates
Table II presents the relation of antipyrine space (APS, in liters) and cell water estimates (ICW, in liters and ICW/APS) to variables of fetal maturity in the NG infants. A significant (P < 0.001) direct relation for both APS and ICW with each of these variables was apparent. Values for APS appear most simply related to birth weight, whereas ICW estimates appear better related to length. Unexpectedly, the ICW/APS ratio was not significantly related (P > 0.10) to any of the variables analyzed. The data for APS are scatter plotted against birth weight along with body water data from previous in vivo studies [11, 17, 18] and from 25 carcass studies [1, 3-7, 15, 21, 24, 25, 33, 34, 39, 42, 45] in comparable subjects (Fig. 1 ). Allometric relations [23] between these variables are expressed by the following equations: log APS, liters = 0.8524 x log birth weight, kg -0.0777 (correlation coefficient = + 0.972; log ,v vx = ±0.0385) log ICW, liters = 3.3162 X log length, cm -5.6301 (correlation coefficient = +0.858; log 0.0778)
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As both linear and log correlation coefficients are less than 1, curvilinearity in these relations is suggested. In order to compare these data with figures from other investigators, they are presented in Table III as ratio standards (percentage of body weight in milliliters per kilogram). These data reveal a larger mean APS (more than 100 ml/kg) in premature neonates (809 ± 10.6 si".) when they are contrasted with mature infants (0c 16.2 SE). The apparent increase in mean cell water in the premature group (ICW almost 50 ml/kg higher) was not accompanied by any significant or suggestive change in mean ICW/APS ratio.
Prompt postnatal adjustments in body water with fluid redistribution between these dilution spaces have been suggested by Maclaurin [29] . Such changes may obscure intergroup differences. Data from the present study, presented in terms of study age in Figure 2 and Table IV , reveal remarkably little change in mean APS between early (< 6 hr of birth) and later studied (6 hr or more of birth) NG infants, whether mature or premature. Body water redistribution with transfer from cell to extracellular compartments is suggested in the mature infants both from grouped averages and regression analyses: mean ICW diminished from 343 to 314 ml/kg and mean ICW/APS declined from 0.50 to 0.45 whereas the correlation coefficient for ICW versus study age = -0.58 and for ICW/APS versus study age = -0.76. There was no suggestion of diminishing cell water in the premature infants (Table IV) . Study age does not influence the higher APS per kilogram in the premature infants. In both early-and late-studied groups, mean APS was larger in premature than in mature NG infants; 796 versus 682 ml/kg, P < 0.02, and 824 versus 691 ml/kg, P < 0.001, respectively.
Inlraulerine Growth-retarded Neonates
Table V provides details concerning the relation of mean APS and ICW estimates with variables of fetal maturity in the 23 IGR neonates. Again, APS appears best expressed in terms of birth weight ( Fig. 1) and this relation is similar to that in NG infants (/' = 1.239). Mean ICW in the IGR group correlates only with birth weight and surface area, and ICW/APS ratio does not correlate with any parameter of fetal maturity in this group.
These same data are expressed as percentage of body weight (milliliters per kilogram) in Tables III and IV and in Figure 3 . The significantly higher mean APS values in the IGR group (more than 100 ml/kg) are shown in Figure 3 in which individual APS values in IGR infants are superimposed on mean ± 1 SD range for the NG infants. Mean ICW 7 and ICW/APS ratios are similar in NG and IGR groups (also shown in Fig.  3 ).
Study age affects these findings. Comparison of earlystudied IGR neonates with NG mature infants clearly revealed real differences between these groups ( Fig. 2 and Table IV) . Redistribution of body water in the IGR infant is rapid and apparent. Prompt decline in estimated ICW, evident in both groups, was particularly notable in the IGR group; the significant expansion of cell water in the IGR infants (mean ICW more than 150 ml/kg higher) was apparent only within the Fig. 2 . Effect of study age on body water compartments in mature study infants. Mean and 2 SE ranges are indicated by bar and brackets, respectively; solid figures indicate normally grown (NG) infants and broken figures indicate growth retarded (IGR) infants. Study < 6 hr from birth was considered "early" while studies 6-24 hr after birth were considered "late." Fig. 3 . Effect of study age and intrauterine growth retardation (IGR) on antipyrine space (APS), intracellular water (APS minus corrected bromide space) and ICW/APS ratio. Individual data from IGR infants are superimposed on mean ± 1 SD ranges for the normally grown infants (NG) from this study. ^: early study age (< 6 hr from birth). A: late study age (6-24 hr from birth). [17, 18, 27] . Cell water data are sparse, mean estimates ranging from 347 to 448 ml/kg [12, 16-18, 29, 41] . Diminishing TBW per kilogram and ICW per kilogram has been suggested with advancing gestational maturity [40, 44] , but this concept is difficult to prove because of vagaries in study age, clinical status, postnatal age, and technique in the data as presented. The standard of reference for any body water dilution technique is its relation to results obtained by carcass analysis (desiccation). These values range from (5(iO to 755 ml/kg (mean, 716 ml/kg) [1, 5-7, 15, 21, 24, 39, 15] in mature infants and from 739 to 855 ml/kg (mean, 812 ml/kg) in infants with birth weights of HH 0-1761 g [4, 15, 21, 24, 25, 33, 34] . Mean antipyrine dilution space was 688 ± 16.2 ml/kg SE in 12 mature infants and 809 ± 10.6 ml/kg SE in 32 premature NG neonates evaluated within 24 hr of birth in the present study; comparability of these figures to the desiccation data is apparent.
Best expression of body water as a linear or log-log function of maturity is achieved by using birth weight; scatter plot of these data superimposed on the regression equation (r -+ 0.972) has a distinct curvilinear quality suggesting, as in previous bromide space data [9] , that a diminishing fraction of body mass is occupied by water as gestational maturity advances. This observation is strengthened by the differences in APS per kilogram in premature and in mature NG infants as well as by the "rcduclio ad absurdwn" ol both linear and log-log equations to a point where body water exceeds birth weight (shown in the linear relation of TBW with birth weight in Figure 1 with weights < 700 g).
One possible explanation for this nonlinearity relates to the fact that fat accumulates as fetal maturity advances. Mean body fat of 4.1% (range, 1.8-8.7%) found by desiccation of infants with birth weights of 1010-1761 g [4, 15, 24, 25, 33, 34] is much less than mean fat of 1 1.4% (range, 6.7-16.1%) in carcass analyses from mature neonates [1, 5-7, 15, 21, 24, 39] or the 12.3% in six ol seven mature neonates with birth weights < 4000 g (2652-2994 g) recently studied by Widdowson and Spray [45] . Addition of fat to body mass diminishes the proportion of body weight contributed by other constituents, indirectly reducing body water (APS per kilogram) in patients with excess bodyfat. Recalculation of the present data, assuming 4% body fat in premature and 12% in mature infants and expressing results as percentage of lean (fat-free) body mass [31] , diminishes the "water excess" in the premature group: mean APS per lean kilogram becomes 846 ml/kg in the premature infants and 782 ml/kg in the mature infants. These results are remarkably similar to the available carcass data for premature (844 g water/ kg fat-free carcass) and mature neonates (808 g water/ kg fat-free carcass). Although these corrections diminish body water differences related to changes in fat with maturity, significant differences remain between mature and premature infants for both carcass (P < 0.005) and the present in vivo data (P < 0.01). This observation suggests that A APS per kilogram with advancing fetal maturity is not entirely an indirect result of water displacement by fat but is, in fact, partially due to lean body mass becoming "less wet."
Total cell water correlates with many variables ol fetal maturity, best fit being with length (r = + 0.852). Although ICW per kilogram varies with fetal maturity (Table III) , recalculation on a "lean mass" basis diminishes these differences to a level of statistical nonsignificance (ICW per kilogram of lean mass in premature neonates becomes 391 ml/kg whereas ICW per kilogram of lean mass in mature infants becomes 368 ml/kg). Failure of the ICW/APS ratio to correlate significantly with any parameter of maturity (Table  II) , as well as the nearly identical mean ICW/APS ratios of 0.47 in mature and 0.46 in premature NG infants, provide further evidence that variations in ICW per kilogram with maturity in the present data are likely related to changes in total body fat.
Antipyrine spaces in the IGR infants are virtually identical to those in their NG weight peers, but comparison with gestational (mature) peers reveals a significantly higher proportion of body weight occupied by water in the IGR group (Table III) . In the absence of concurrent fat and water estimates, sparseness of fat or increased lean mass water are equally likely causes for these findings. If we presume total absence of fat in the mature IGR infant and 12% body fat in the mature NG infant, lean mass recalculations result in nearly identical APS per kilogram values in the two groups (790 ml/kg in IGR and 782 ml/kg in NG infants). Ratios of ICW/APS are similar in IGR (0.46) and NG mature groups (0.47), and mean ICW docs not significantly differ in the two groups (Table III) . Although these findings suggest that differences in body fat may explain the higher total intracellular (and even extracellular) water spaces in IGR neonates, it is pertinent to note that such a conclusion relies totally on the assumption that body fat is virtually absent in IGR newborns. Conclusive tissue, carcass, anthropometric, or dilution data are not yet available on this point. Recent study of fatty acid metabolism in IGR neonates, in fact, suggests the contrary by indirectly suggesting satisfactory availability of fat substrates [2] .
An additional comment regarding these changes in IGR infants concerns the early age at which infants in the present report were studied. Although restriction of study age to within 24 hr of birth diminishes the effect of such extrinsic influences as nutrition, hydration, and renal maturation on body composition, it releases the powerful influence of events commonly compromising the perinate during labor and delivery [43] . Prominent among these events are the pathophysiologic sequences involved in cold stress and asphyxia. Cold stress depletes body stores of both carbohydrate and fat [30] . Assuming no concurrent alterations in permeability, metabolism, or binding of antipyrine and bromide, the depletion of fat for metabolic purposes would lead to a factitious increase in body water per kilogram, most apparent in the bromide compartment; an apparent (but not real) increase in the intracellular fraction of body water would be evident with later study age (postnatal age). Postnatal redistribution of body water was not apparent in premature infants in the present study. In mature infants, however, the precise opposite was observed (Fig. 2, Table IV) ; significant declines in APS/ICW occurred with late study age in both NG (r = -0.76, P < 0.01) and IGR infants (r = -0.55, P < 0.02). Similar results are evident using ratio standards; lower mean APS/kg: 841 versus 112-P < 0.02, lower mean ICW/kg: 494 versus 335-P < 0.001; and lower mean ICW/APS: 0.56 versus 0.43-P < 0.001 were observed in later-studied IGR infants and a similar trend was observed in the smaller group of NG infants. These postnatal changes, compatible with major extrusion of cell water and minor net loss of body water as study (postnatal) age advances in mature infants, suggest that fat metabolism did not influence these body water data.
In conclusion, speculation concerning those factors causing rapid decline in cell water after birth in mature infants is pertinent and of interest. Such factors may well be found in the pathophysiologic events of asphyxia. Impairment of cellular metabolism and composition have been shown to accompany degrees of hypoxia and acidosis far less severe than those observed during perinatal asphyxia [26, [35] [36] [37] [38] . Inhibited cellular metabolism with increased cell acidity has a double osmolar effect-disturbance in function of the "cation pump" leads to accumulation of solute-containing water within cells, whereas diminished anionic activity of protein releases the ionic effectiveness of unbound cations [26, 36] . Increased cell water in the recently born neonate may well result from impaired cellular metabolism consequent to asphyxial events normally accompanying labor and delivery. Exaggeration, persistence, or progression of compromised cellular metabolism might well be reflected in parallel changes of cell composition and volume whereas cell recovery would enable a (downward) readjustment of cell volume with advancing postnatal age.
Whether or not these events explain the postnatal body water adjustments in the present study is conjectural in the absence of concurrent appropriate acidbase studies. These considerations do, however, reveal that simple "correction" of the data for estimated body fat does not eliminate certain differences between NG and IGR mature infants. Comparison of early studied mature IGR infants reveals striking and significant elevations of body water, primarily intracellular in location, which persist even with "corrections" for fat.
Summary
Antipyrine dilution studies, performed within 24 hr of birth in 44 normally grown, vaginally delivered neonates, yielded total body water estimates closely comparable to those accumulated from data obtained by desiccation analysis of 32 fetuses and newborn infants studied between 1863 and 1951. Concurrent bromide dilution studies, allowing estimation of cell water in these infants, suggested rapid postnatal extrusion of cell water in the 12 mature subjects. A sizable increase in body water per kilogram in the 32 premature infants persisted after correction for changes in body fat during growth, suggesting less hydration of lean mass with maturity. Also notable in the premature infants studied was postnatal failure to reduce cell water.
Similar studies in 23 mature, intrauterine growthretarded (IGR) neonates revealed body water volumes per kilogram which were similar to those observed in weight peers but larger than those seen in gestational peers. Similar to the mature, but in contrast to the jsremature infants studied, rapid downward adjustment of cell water took place in these IGR neonates. These prompt postnatal changes tended to obscure certain differences in cell and total body water, but consideration of the earlier-studied neonates revealed differences in body composition that persisted after correction for presumed total fat depletion in the IGR group. Most prominent of these changes in the IGR group was an increase in cell water in the early hours after birth.
Cumulative studies from this laboratory now conclusively reveal excessive plasma [8] , extracellular [9] , cell, and total body water dilution spaces per kilogram in IGR infants. Plasma volume and cell water expansion is particularly prominent in earlier-studied IGR neonates. Prompt, downward adjustments of cell and intravascular compartments [8] return these spaces to normal volumes within 4-6 hr, while more sluggish changes are observed in extracellular and total water compartments. These cross-sectional data must now be confirmed by similar but sequential studies accompanied by concurrent estimations of acid-base balance in order to determine whether the early excess of cell water is a consequence of impaired cellular metabolism and increased cellular acidity in these IGR infants.
